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ABSTRACT ; . 

A total of 22^ subjects participated in a study to y 
determine hoy children and adults comprehend logical connectiyes* 
Specifically, the study examined the effects of age, content, and 
practice on the encoding and combination of logical relation-ships 
expressed by six types of logical connectives; don junction, 
disjunction, conditionality, biconditionality, simple affirmation, , 
and simple-fnegation. The subjects were drairn fro^ grades 2# ^.r 6, sV 
11, 12,' and college. Half completed a task that required them merely 
to encode the connectives; the other half were required to combine as 
well as encode tliem. The results revealed significant effects of 
task, .age, session, and connective. With cbmprehension of different 
connectives developing. at different rates. Children as young as ^ 
second grade encodgd the connectives in consistent ways; however, it 
was not until fourth grad^e that they showed evidence of consistent 
combination of connectives'* In general, comprehension of the' 
conjunctive connective was the easiest, ^ while comprehension of the ■ 
conditional, and biconditional connectives proved to be the most ' . 
difficult. (Tables of results are included.)- (FL) 
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, ' Logldal Connectl^s 

..Abstract. ' ^ ■ 

A total of 22^ subjects In grades 2^ A» 6, 8» high 8chool».and college 

' , . ' ■ . •■■ _ - • ' ■■ • , ■ ■ 

solved , problems requiring comprehen^idn of the logical connectives and , o^r» 

■ ■. . ^ ■ . ^ ' ■ ' /'■: ' 

If'-tben ,^ only , if , tod if and, only If , as well as the tertns l£ and Is not/ / 

Half the. subjects were required merely to encode the connectives; the other 

half were required tO: combine, as well as encode thein. ProblemsH were pre- 

gented in twp replications- (over two sessions) via two 'different content ■ 

vehi/cles. Quantitative aj*aiyses revealed significant effects of tasls;^, 

^'e,/8ession, and connective, with comprehension 'of different connec^tives 

/aeveloping at different rates. In general, comprehension of the conj'unc- , 

tive connective was easiest; comprehension of the conditional and bicondi- 

tionai connectives was most difficult. Qualitative analyses indicated just 

how, the logical conne'c\ives were interpreted at each grade level, and also 

investigated individual differences within each grade level. 
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Deyelopnent^ Patterns in thy^^Encbdlng and Coabtnatlpn 
/ of Logical Connectives 



■ ' •;• . • J . ■ ■ . / ■ - . ■ • ' ' - ■ / ' ' , ■ 

^ Understanding of loglcar connectives is essential to comprehension of , 

; * /' ' . • V ■! . . , ; ■ ' , . / . : 

everyday speech and reading, because these connectives, tie together %i!iat 

otherwise would be dlscomlected strings of ideas. In (everyday discourse, 

we , usually assume that . chjLldren understand logical con^iectlves (auch as 

if and only if ) in the sai^e 



and, or , if-then, only if 



way that adults do 



(to the extent that the children understand them at all).' If,,^however, 
children of varying ages understand logical connectives in systeiaatic ways, 
but in ways differing from those of adults, copnaunication between children 
and adults may be impaired unless the chlldji^ understanding of the terms 
is taken into account. Since there is iii^act evidence that children under- 

■ j ■ ■ • /■■ ■ . - . «a . / 

Stand logical connectives dlf f erentj^y /from adults (for example, Nelaark & \ 
Slotnick, 1970; Paris, 1973; Peel, 067; Suppes & Peldman, 1971; Taplln, \ 
Staudehmayer^ 6 Taddonloi 1974^.;^J^t is necessary to become aware of develop- 
mental pat^^J5^''lnoS)^rs^ logical 

Three basic theoret^4|iJ^^ nefed to^e answered in order, to be- 

come aware of hov chlid^eii. and adults understand logical connectives: 



connectives. 



1. How is eafth Ic^g/cal connective encodeci (in the context of a single 
premise or statemeiit)'^it each age leVel? , " 

2. How la /^tfK logical connective combined (in the context o^ two state- 
ments, a uA^oi^^k^ a minor premiae) at each age :|.evel? 

3^ lhi^<t effects do age, contlent, and experience with laical . connectives 

in the^ test setting have upon encoding and combination of the connectives? 

.• : ■■ ■ M':':^-^'' \ - / ■. ^ '■ - ^ ' ' ' . 

, VtJ^y/6\xB research has dealt with these qixest ions, although not within 

the tontext of a single experiment or series of experimenta. A brief review 



! ' logical Connectives 

of i this research vlll eatj^bllsh the progress that haii been made tovard answer 
lug each of three questions. 

The first question deals vltl^ encoding of logical, connectives in the 
context of single premises or statements. A relatively earlier Investlgp- 
tlon of encoding vas performed by Nelmark and Slotnlck (1970) . * These au- 
thors tested ttnder standing of class inclusion (assertion), exclusion (de- 

nikl), intersection (conjunction), and union (disjunction) in children in 

. \ ■ ■ - - . - ^ * ' ' ■• ' ' ■ 

each of grades three, through nine and in college. Problems vere presented . 

in bo i!h verbal and pictorial forms.' The authors found that class inclusion 
and exclusion were understood by a majority of children of all ages, inter- 
section was understood by a majority of ^11 but the third-grade children, 
but union was understood by a majority of children pnly at the^college level. 
The exceptional difficulty of the class itn^on relation was confirmed by 
Keljuark (1970), who found' that development of the connective or proceeded 

throughout the high school age range. Nelmarfc* attributed errors in under- 

' . ' ■ ■ ■ i ' - 

-standing of this connective to inappropriate applicatlpn of concrete opera- 

tions to a logical cdnnectlve whose understanding requires application of 
formal operations. ^ 

:One^ o^ comprehensive investigations of logical connectives 

was perfonaed by Paris (1973), who studied five logical relations as ex- 
pressed by eight coxmectlves: conjunlctlon (and , but „ b6th-and) , conjunctive 
absence (nel ther-nor ) .> inclusive disjunct ion (or, either-or) » conditlonallty 
(if* -theh ). and blcondltlonality (if and only if -then) . Children in each of 
grades 2/ 5, 8; and 11 had to decide whether verbal descriptions were true 
or false of pictorial material presented via slides. ;Parls found that 
(a) the conjunctive connectives all displayed nearly perfect performance 



( * Logical Connectjlves 

at all grade levels; (^) the conjunctive-absence connective ahovecl a pat- 
tern aimllar to the other connectives for eleventh graders, but viis under- ' 
stood only. poorly by younger children; (c) the disjunctive connectives 
shoved high error rates at all grade levels— darvrelopment cohtlnue^d through- 
out the age range studied, with older subjects more likely to tr^at dis- 
junction exclusively than younger subject^; (d) the conditional connective 



was extremely difficult at all levels, and although patterns of/ errors 
changed over age, overall level of performance remained almost ^constant; 
(e) the biconditional connective became easier to understand v^lth age, 

■ ' ■ ■ ■ .■ - ■ ■ • ^ ^ ^ ■/ ■ 

with patterns of errors as well as proportions of errors changing over age« 
On the whole, subjects founds conjunctive relationships easiest to understand, 
followed In order by .biconditional, disjunctive, and conditional relationships. 

Suppes and Feldman (1971) Investigated conjunctive, disjunctive, negative, 
and excluslve*or relationships as understood by children of preschool and 
kindergarten age from middle-class and disadvantaged backgrounds. Subjects 
wete commanded to give the experimenter concrete objects, for example, green 
stars. They found comprehension of pbsltlve conjunctive commands highest, 
followed by commands Involvlng^^ nega- 
tion, positive dlsj^ctlon, and disjunction with negatloix. 

Peel (1967) Investigated three logical relatlonshlpsrrrl^pllcatlon, 

• • • .'■ ■ ■ ■ ■ 

Incompatibility (implication with a negated consequent), and disjunction. 



Subjects were of ages 5, 6, 8, and 11, and played a game with colored beads 
and counters. Although Peel's primary emphasis in his experiment was methodo- 
logical, his substantive findings were of some Interest. He found that 
(a) disjunction is generally Interpreted in its exclusive sense, (b) the con- 
ditional Is Interpreted primarily as a biconditional (equivalence), and (c) 
incompatibility, when interpreted reliably, is interpreted in its logical 
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5 ■ 

sense. The presence of the sddltlonal negation In the consequent thus serves 

to aske subjects «ore (rather than less) logical. 

■ ■ • ' i. ■ ■ • . • ^ * 

A BUfldber df Studies have also been conducted focusing upon cognitive 

development In conceptual rule lear^ng (for ezaaple, Friedman^ 1965; Klng» 

1966; We^r^, 1964). Since these studies Involve learning rather than encodixig 

'of logical connectives^ they are not reviewed here. Some of these studleis 

are reviewed by Bourne and 0*Banlon (1971), vho also present new data. 

The second question deals with combination of logical connectives in 

the context of major and minor premises presented jointly. Research on 

this question h^s dealt almost exclusively with the conditional connective. 

f Taplln, Staudenmaycr, and Taddonlo ;( 1974) have followed up on the research 

vith college students of Taplin (1971) and taplin and Staudenmayer (1973) 

by investigating developmental changes in conditional reasoning. Subjects 

in each of grades 3» 5/ 7, 9, and II were required to indicate whether the 

conclxxslons of conditional syllogisms such as "If there is a there is an 

H; there is a ^; there is an H" were "al%mys correct , sometimes correct, or 

never cor rect.'V The authors found that performance improved with age, and 

specifically, that nine-year olds treat; thi^H^it^nditional cd^ 

tlvely or blcondltlonally, that the conjunctive meaning disappears with 

increasing age, and that after 13 years of age, the conjunctive meaning 

has disappeared and been replaced by the true conditional meaning. 

- - — Roberge^nd-Paulus-(197^1^-snd^irf>drof f and Roberge (1975Uiage_Jilso 



Investigated the development of conditional reasoning ability. The foriaer 
authors also compared conditional to class reasoning abilities (where class 
reasoning problems were presented with the quantifiers some and all) . Find- 



logs from these experiments were that performance improves with sge (from 
grftdes i to 3 In the latter ^tudy «nd grades 4, 6, 8, and 10 In the latter 
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Study, that aodus ponens Is easier than tollendo tollens (for tti^^flrst to 
third graders for vhom the contrast was aade) » and that foz^ grades 4 to 10, 
class reasoning is easier than conditional reasoning. 

Hill (Note 1) tested children oT^gfes 6, 7, and 8 in order to determine 
whether children could dlscrlmlttite\between a necessary conclusion an^ Its 



negation. She found that even thes^ v^ery young children performed at a level 
wfll above chance in sol'^lng^V^c:^]^^^^ including conditional and categorical 
(class) syllogisms. She also found that performance laproved ylth age. 
O'Brien and Shapiro (1968) followed up on this work, first by replicating 
Hill, and second by Including problems requiring a third category of re- - 

sponseSs In addition to "yes" and "no." These new problems contained informa- 

/=• ^ . ■ ■ ■ " ■ ' . ■ 

tlon that was Insufficient for the subject to reach a logically valid conclusion 
and hence the correct response was that "not enough clue^s" had been provided. 
These authors found, as did Hill, that performance of 6, 7, and S-y^r olds 
is significantly above chance and Increases with age Ji^en all prDbl ems hive 
a logically valid tone luslon. They found a considerable amouiit of below- 
chance performance, however, %#hen not ail problems had a logically valid con- 
cluslpn, and that growth In the ability to distinguish between problems with 
and without a valid conclusion was Very slow. Shapiro and O^Brien <1970) 
extended this work to children of agi^s 6 to 13, finding that there wa? slow 

growth in the ability to distinguish -the two types of problems in this age 

H . .... .' 

range, that there was no evidence of leveling off, and that .performance was 

far'Tfsom perfect at all age levels. 

The third question deals irlth effects of age, content, and practice on 

• 1 ■ ' ' ■• ' . 
encoding and combination of logical connectives. As would be expected^ , 

age is a potent variable affecting performance; In al^^^|ii|phe^^^^ 

tloned above, performance changes with age. Interestingly, thoughf It do^U 
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not always change for th« better. For example, Paris (1973), scoring dls- 

' .' ■■ ^ ^ . y ^ , ■• ■ ' ■ 

junction Inclusively, found that the tendency to treaty disjunction Inclu- 
aively decreases with age. As children grow' older, they are nore likely 

to use the exclusive meaning of or. Tapltn et al. (1974) found that al- 

■. * - ; ' ' ■ :■ . ^ ^ • • 

though truth functions for conditional relationships change with age, 

the proportion of subjects having any truth function at all does not change. 
They concluded that changes In performance are linguistic rather than logi- 
cal. A number of investigators have found age-related inversions in 
learning taslcs with logical- concepts/ (see Bourne i O'Banioh, 191?'l) . In 
general, though, performance does Imprpve: A pattern of developmental 
differentiation that seems to capture findings from several laboratories 
is a "gradual develowental /iif ferentiation of a- general conjunctive strategy 
JLnto (a) processing of the Independent trtuth status of elements in disjunc- • 
tive expressions, and (b) cause and effect Interpretation of the relation 
between elements In conditional and biconditional statements" (Paris, 1973, ; 

% f Investigations of coriat(Emt cf present a mixed picture.- Moat studies 

have used only a single type of content, so that .no conclusion can be drawn 
regarding posslble^fferentlal effects of content. Roberge and Paulus (1971) 
"Stuaied-^hree typis of content the four types used -In Wilkins -U 

(1928) classic study of syllogistic reasoning: concrete-familiar, abstract, 
and »uggeBtlve, Cbncrete-fanlllar Items had conclusions that were facts 
outside the chlldr^s experience. Abstract iteaa-were presented via syar 
bols, capital 'letters, or nonsense words. Suljj|Stlve items were ones re- 
f erring to things wlthln/the children's Experience, but which contradicted 
known facts. The authorn found »" significant effect of content, and a slg- 
nlf leant interaction between content and typ^ of reasoning. Concrete-familiar 



/ ■ ■ . y Logical Ci^nnectlves ^ . ^ 

t\ ■ 8 . . ' 

itcfl^'vere the easiest of the three types In both, claffli; and conditional reason*^ 
lag problems. In class reasoning/ suggestive content vas ei^s^er thanNsiibs tract 

^ . .': - • ■ :-. ■ ^ ' • 

content; but in conditional reasoning, suggestive arid absttacr/boiMt^nt^dld not 
differ In difficulty. Kodroff and Koberge (1975) also found a sl^lflcant 
affect of content: They presented condltl6nal*reasonlng Items either ^erbally 
or concretely, and found concrete presentation facilitated perfoxvance rela«> ^ 
tlve to verbal presentation.! Nelmark and Slotnlck (1970^ however i^found a ^ 
mdte complex pattern of results In comparing pictorial to vej^ba^X' eContent. 

They found that pictorial content Is easier for youngei\ chlld4reiK> but vhere 

■ ' \ ' ■ 

any content difference v^s^^o^btalned at all for older chlldre^>^l§^ favored J 

verbal content. Osherson *(1974) studied complex loglca^.^reasbnlngruslng 

either toks (little statuettes) or elements of a playground as 'content vehl- 

cles. He found only trivial effects of content In a variety of data a^alys^. 

Practice effects would -sie^em to be important in the study of developing - 

.... . -.■ ' 'v '-n \ - \. ' 

comprehension of logical connectives In children, D^lVst^bec^use It .oftep' 4 
takeis children some time to adju3t to the demands.;of ■c<i5nplex^lnforait^ 



processing tasks of the klhds use4jf^4>n studies of^^lp^dtcal coi^nectiye^,^ and 



aecond, because experience vlth the logical connectives in a given ^setting 



l4i ^ 



may affect the^.ay in which these connectives are uhderstopd.t^ For^^^w^ 
reasons , practice effects have been virtually" IgnorwT^ 

' , • • • . ■ . ■ ' -'l ■ • , ' ■ '9 ,1 ■ .'^ ■ 

on comprehension of logical connectives. We thus have no basis tot asses- 
sing th^effects df exjperlence with logical conii^tives in a given setting 
upon either encoding or combination of those^ppnnectlVes. ^ 

The* present investigation is intended to address the three questions 
posed Mrller, and which are discussed above. The need for this further 
research on the comprehension of logical connect ivelj derives from (a) 
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dlfferenpes across studies Iti subject populations, ejcperimantal V^ocedures , 
task materials, and experimental desigris, vhich laalce di£ficu^ comparisons 
across experiments of encoding tasks on the one hand (such as those used 
by Ne1|Bark & Slotnick, 1970, and by Paris, 1973) and combination tasks on 
^he other* (iuch as those used by Robergeifr Paultisv 1971, and by Taplin et 
o al*, 197A); (b) sole use of the pdTjrtJlTtional connective (or its class 

isomorphs) in most combination studies, providing little information about 
combination of premise information-^lth logical connectives other than the 
conditional, and making comparison of v results from encoding ancl combination 
tasks wi<h other connectives |almost impossible; (c) failure /to study ef- 
fects of repeated exposure to stimulus materials In previous studies; making 
it Impossible to assess whether performance Improves or in atiy way thange^ 
once subjects have become more thoroughly familiarized yith;th^^ tasks 
required of them; and (d) the possibility of further methodological refine- 
Fments^ which are Introduced here. The methodology fot.lnf erring logical 
truth functions builds upon previous work o*f TapUn et al. (197A), Stauden- 
mayer (1975), and Peel (1967) In studying logical connectives, and upon the 
work of Levlne (1966) In studying concept learning, but Includes some novel 

0i . ^ . 

features that have not been used In previous research. 

' ' ■ -■ ' ■ ■ 

- — ., ' . ■ . Method ■ '■ : ' . 

Subjects 

The number of subjects In the main experiment totaled 22A, of whom 
3A were In grade 2, 38 In grade 4, 38 In grade -6, 40 in grade 8, 38 in high 
•cbool (grades 11 and 12), and 36 in college (freshmen and sophomores). 
Mean ages at each grade level were ^h^ 9^1, U»s. 13*$, 17, and 19 years for 
the respective grades. Elementary and secondary studi^ts were from a middle 
class suburb of New Haven; college students were Yale undergraduates. High 



. * 
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' ' • • 10 ■ ;. 

•cbool and ^college students were enrolled In Introd^^ory psychology courses, 
and received course credit for their participation. Subjects at each grade 
level were approximately equally divided between se^^es. Second-graders 
were prescreened to exclude grade-repeaters and children classified as non- 
readers by their teachers; otherwise, all students whose parents returned 
permission slipfi were tested at each elementary, and secondary grade level. 

Two 8econ^^radej>-«ia~one fourth-grader yerc eliminated because of ina- 

. ' . ^ . , ■ ■' ^ 
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blllty op^unwllllngness to pay attention to the task; otherwise, all sub- 
jects who participated contributed analyzable data. 



A subsidiary replication experiment was run in which 36 freshmen aiW 

. . ; . ■ ; ... / .■■ 

sophoniores at Yale served as subjects. These subjects were tested 1^ years 
after the. original subjecX^by a different experimenter^ ^ 

Materials ^ 

- 'i 

Two different tasks — encoding and combination— rwere presented In crossed 
fashion via two different content vehicles — fruits (apple, banana) and 
shapes/ (circle, square) over the cour^^iof two sessions. Props for the 

tasks Included a* box, a towel to cover th6 box, and two objects <elther an 

• .. • ' . ■ ■ 

artificial apple and banana or a cardboard circ^le and square covered- with 

^ - ' . . • ■ ' .■ 

silver paper). * r . " 

In the encoding task, -each problem consisted bf two sentences describing 
the contents of the box, namely, a premise and a conclusion drawn from that 
premise. Premises fere constructed ok the basis of alx logical relationships 
expressed by seven different logical |:onnectlves: conjunction (e.g/» there 
ia a circle in the box and there is a square in the box), disjunction (e.g., 
there is a circle in the box or there ia a square in the box) , conditionality 
(e.g., If there is a circle in the box, then there is a square' in the box5 
there is a circle in the Vt« \only if there is a square in the box) , bicondi- 



A- 
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tlonallty (e.g., there is a circle in the box If and only If there is a square 
In the box), simple afflrmat;Lon (e.g., there is a circle in the box), and 

slaple negation (e.g., there Is not a circle In the box). Pour conclusions 

\ ' . ■ • - ' ' 

were presented (In randoin order) for eath premise; corresponding to the - 
2 possibilities that each of the two items (apple and banana, or circle 
and sqxiare) either was or ,%m8 not in the bdx: ^ PQ (e.g., there is a circle 
in the box -and ther^ is a square in the box) , PQ (e.g. , there is only a 
clrtle in the box anfe nothing else) , PQ (e;g,, there is only a square in the 
. box and. ftothtng else) , and PQ (e.g. , there is not . a circle in the box and 
ete is not a square in the box). Since there were 7 different premise 
ectives and 4 different conclusions, there were a total of 28 different 
encoding probl^s^for each content. 

In the combination task, each problem consisted of three sentences de- 
scribing the contents of the^box, namely, a major premise, a minor premise, 
and a concluiion. Only the first four of the logical relationships described 
abovQ (conjunction, disjunction, conditlonallty, bicohditionality) were used 
for the major Reraise, since the latter two relationships (simple. affirmation, 

negation) apply only to single items and hence do not permit combination of two 

* * « ■ 

items. Major premises in the combination task were identical in format to 



the^singi^e premises in the encoding task. There were four possible minor 

2 * 

premises, corresponding to the' 2 possibilities that eacli of the two ob-* 
Jects (apple and banana, or circle and square) was or was not in the box: 
P (a.g., there is a circle in the boaflk P (e.g., there is not a circle in the 
box), Q (e.g., therq^ is a. square in th^ box), and ^ (••g.* tHSre is not a square 
in the box). There were four possible conclusions, identical in form to^ the 
Minor premises. However, since the conclusion always^ referred to the object 
complementary to the object referred to in the minor premise (for examine. 
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•quare if the object iUmed In the minor premise was circle ) > there were eight 
possible pairings^ of mirror premises with conclusions:. Tor each of the four 
possible minor premises, the corresponding conclusion had to be that the com- 
plementary object either was or was not In the box. Since there were 5 
different logical connectives in the major premises, and 8 possible pairings 
between minor premises and conclusions, there were a total of AO different 
combination problems for each content. . 

Design ' ' ' " 



The dependent variable In this* cxperltnent was the subject's response 
of true » maybe true and maybe false (abbreviated to maybe on answer sheets), 
or false to each conclusion (cf. Taplin et al., 1974).* .Independent variables 

were task (encoding, combination) and grade level (2, 4, 6, 8, high school, 

I 5 " 
college) between si^bjects, and content (fruits, shapes) and session (1,2) 

within subjects. All independent variables were fully crossed. ' Orders of 

presentation of logical connectives and content vehicles were counterbalanced 

so that each sub:^ect received each of the logical connectives in s different 



order in eacl^^session, with one content vehicle per session* 
Procedure 

Subjects were tested in small groups of from. two to six members* Each 
of two sessions began with a pretask designed to familiarize subjects with 
the experimental procedures, the rele^nt content vehicle, and* the defini- 
tions of true , maybe true and maybe false, , and false * In the elementary- 
school groups, the experimenter also made sure that each subject knew what the 
relevant content objects were, and was able to read each word in the problems. 
Subjects were given three easy practice problems (on^ having each of the 
three possible responses as correct) to insure understanding of the task. 
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The tasks vere presented as games In which the experimenter vas secretly 

placing one, both» 05 neither of two objects in the cardboard box. The sub- 

, . . . > ■ 

jact*s task In ithe game was to figure out what the experimenter had done. 
In order to help the subject fljgure this the experimenter provided the sub 

Ject with certain clues. The single premises In the encoding task and the 
Mjor pi4mlse8 In the combination task served as such clues. These premises 
were /rlnted on 9 x 12-Inch poster board. The content vehicles were pre- 
sented as pictures rather than words to facilitate ease of recognition. 
Yox the combination task^ minor premises served as additional clues (called 
4ilnts) I and were presented on 3 x 5-inch flash cards. , A given card either 
pictured an object in order; to vShow that the object was in the box, or pic- 
tured the object with a black X drawn through it to show that the object 
was not in the box. The experimenter read all problems aloud as well as 
allowing children to read the problems from the cards. * 

Problens within each session were blocked by logical connective. ''An- 
swers to problems were recorded in booklets that had for each problem the 
words true, maybe , and false printed in them. Subjects responded by cir^cling 
the appropriate word. Testing sessions lasted 20 tcf 30 minutes apiece. 



\ 



Unit of Analysis 



Results 



The unit of analysis in the data w&s the response pattey i. A response. 



pattern refers to the four (encoding task) or eight (combination task) re- ' 
•ponses given to the conclusions, and provides the means whereby one can 
determine how each logical connective was interpreted. Tor example, if 
the premise of a problem in the encoding task state! that "the circle is 



In the box' or the square is in 



to the pattern of "trues/' •"maybes/' and "falses" given to the conclusions^ 



the box," the response pattern would refer 
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••There Is only a circle In the box and nothing else," "Therp Is only a 
square In the box and nothing else," "The circle Is In the box and the 
square Is In the box," and •'The circle Is not In , the box and the square 
Is not in the box." Response, patterns were each compared to pojel patterns . 
A model pattern refers to the pattern of "trues," "maybes," and "falses" ^ . 
that wuld be predicted if a particular logical connective were Interpreted 
in a particular way. Consider the example above. If or in the premise 
werdTintferpreted inclusively (either or both objects in the box) , one would 
expect a subject to respond "maybe" to the first three conclusions 

and "false" to t.he last conclusion. If, however, or wire interpreted ex- 

■ ■ . . 

cluslvely (either but not both of the objects in the box^ one would ex- 
pect a subject to respond 'hnaybe". to the first two coxjcluslons, but "false" 
to the last two. The third conclusion becomes false in the exclusive inter- 
pretation of or because both objects cannot be in the box. ^ 

" « *" 

Table 1 shows model patterns associated Vlth 16 possible interpretationsj 

■ " ■ ' ' ' ■ . """'i 

of the logical connectives. Each interpretation has a distinct' pattern, so I 

' ■ "» 

that It is possible to distinguish among the different interpretations by 
the response patterns subjects actually gave. The 16 patterns presented in 
the table are in fact the only logically consistent patterns that are pos- 
sible. Thus, if subjects respond in a way that is logically consistent, it 
will be possible to infer what form this logical consistency takes. The 16 
patterns are exhaustive with respec^ to logically consistent possibilities 
because in standard logic, each of the fodr possible states for P and 
PQ» PQf PQj PQ — be either true or false, yielding 2 , or 16 possible 

joint states. In the present experiment, a subset of statements that would i • 

■ . . ■ ,1 

be classified «s true In standard logic »re classified as "maybe trueii maybe 
false," using the kind of defective truth table advocated by Johrison-Lalrd 
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(1975) and Wason (1966), and *sed by Staudenmayer (1975) and Taplln et al. 

' y ■ ' i ' • ■ ' • " ^ • 

(1974) • The kind of def ectlyte truth table used in this and other experiments 

aeo&a better to capture people's Intuitions" aboijt validity: For example, ; 

I ^ « * • 

••if P Chen Q" vould be cla8si|fled as ''maybe ,true, maybe false" In this 



V 



experiment whenever P Is falke, although in -stantlard logic 1-t .would be 
classified as true. This 
change, however, the posslb Jlity of there being just 16 logically consistent 
response (or model) patterns in the solution of the problems used In this 



experiment. 



Injsert Table 1 about here 



In the table, there a 



fe four possible conclusions for the ^^encodlng task, 
as noted Earlier, correspojidlng to the possible combinations of P and Q 
being true and false. There are four possible conclusions in the combination 
task, which are paired wll:h the four possible minor premises such that each 
item referred to in the c( ncluslon is different from the item referred to in 



logical connective. One 
patterns for the purpose^' 
to the logical (inclusiv 



lesponse Patterns 



the minor pr emisf e . 
Quantitative Analyses of 

The first data analysis dealt with proportions of errors, that is, of 
response patterns not conforming to the correc^ model pattetti(s) for each 

logical connective, or, was judged to have two "torrect 

of this experiment. The two patterns corresytmded 
i) and everyd^ (exclusl\^e) interpretations of o^.^J.^,^•. 



The two InterpretationiB yre different, and both are of interest' in an. ex- . 
perlment designed to undiirstand people's interpretations of logical connectivf?^. 

Proportions of response patterns not conforming tp the c6rtej:t *odel,^^^^^^/ - 
pattem(a) for each logical connective are shown in Table 2, irifch^'or acored 
In the two different way u In order for a response pattern %o be tcor'ed as ' , 
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correct, • subject had to respond to all of t^e four (encoding task) -or eight 
(combination task) conclusions as predicted by thi^^nodel pattern. 



Insert Table 2 about here ^ 

• ' •_ ■ ~ ■ ' • ^ _ ' I 111 

» ^ ■ • ■ 

The difficulty of the combiiiaiion task relative to the encoding task 
Was assessed by conducting a paired t^test on the overall mea^ns for each 

logical connective, as shown In the last column of Table 2. Only those 

w - ■ • ■ 

connectives vere used that overlapped between tasks, and the mean for the . 
exclusive rather than the inclusive InteTpretatlOn of or was used since 
that interpretation seemed better to reflect subjects' use of the term. 
Since the combination task required all of the operations required for 
the encoding task, plus additional operations, it was cxp^ected that per- 
formance would be poorer on this task. This expectation was confirmed, 

* ■ ■ ■ 

t(4) « 2.33, £< .0,5. .When the overall proportion of ctrors in encoding 
(.59) is compared to the overall proportion of errors in combination (•70), 
it becomes obvious that most errors made in the interpretation of logical 
connectives occur in the initial encoding stage. rather than the subsequent % 
combination^ stage. Incremental errors dpe to combination amount^ only to 

.11 (.70^.59). ' ' . ! V 

A four-way analysis of variance was conducted upon means over subjects, 

^ V* * ' . ■ ^ ^, 7 

with connectives, grade, content, and session as independent: variables. 

The main effect for connective 'Was highly -sl^ifieant in both the encoding 

t«ak» P(6,30) - 111.18, £ < .001, and the combination task, F(4,20) - 158.61, 

£ < •001. Examination of the proportions in Table 2 reveals the sources of 

the main effect. In both tasks, the connectives seem to fall into three 

groups of differential difficulty. The conjunctive connective stands alone 

as the easiest of the set. In t^e second group are exclusive disjunction 
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and, in tlie encoding task, affirmation and negation. The third group com- 
prises the tvo conditional connectives and the biconditional. Turning to 
the individual connectives ve examine thtbe patterns of Interest. First, 
it is clear that' overall, subjects are far mot^ likely to Interpret or In 
its exclusive meaning than In Its Inc^Aiilve meaning. This difference Is 
as would "be expected, since the^excluslve meaning of ot Is the one used In ^ 
everyday language. Second ,/icondltlonallty Is better understood when ex- . 
pressed by the only If connective than when expressed by the If-then con- 
nectlve. Third, cnc^bdlng of negations was no-nore difficult than encoding 
of simple affirmations. The relatively grea^dlf f iculty of the affirmation 
task seems to derive from the binary nature of the stimuli, as will be dls- 
cussed later. 

The main effect for grade was also highly significant, F(5,5) ■ 95.37, 
£ < .001, in the encoding task, and P(5,5) - 62. lA, £ < .001, in the combination 
task. Visual examination of the last row of data for each of the two tasks 
reveals a monotone decrease In error rates across grade levels In botK tasks, 
except for a trivial Inversion between grade 8 and high school in the encoding 
task. The rate of decrease In error rate does not seem to show anv slackening 
with Increased age. Except for the inexplicably good performance of the 
eighth graders in the encoding task, the rate of decrease is actually quite 
steady. Apparently, development in xmderstanding of logical connectives con — 
tinues even to the collegia level* 

The main effect of session was statistically significant for the encoding 
task, 7(1,5) - 10.32, £ < .05, Ijiit not for the combination task, F(l,5) - 
3*82, £ > .10. In both tasks, however, the trend was toward improved per- 
formance with practice. Not all of this improviment is necessarily task spe- 
cific, since at least some of the connectives (such .as those of condltionallty 
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and blcondltlonallty) may have been relatively xmfamlllar to some of the 
subjects (such as the younger elementfry-school children). 

The main effect of content was trivial ^n both tasks (F < 1). _i Ap- 
parently,., theological connectives^ vere abstracted from, the, content ot the 
sentence without any effect of the content upon thif way In which the coiA^^ 
nectlves were abstracted. Although the contents were chosen so that one 
would be relatively more abstract (shapes) and the other relatively more 
concrete (fruits), It Is of course possible that the faij.urfe to obtain a 
significant effect was due to Insufficient variety In the two contents 
sampled. 

Only three interactions were statistically significant In the two 
tasks. Two of these (one In each ^ask) were for connective by grade, 
T(30,30) - 5.07, £< .001, in the encoding task, and F (20, 20) - 7.54, £ < 
•001, in the combination task. This Interaction signifies different rates 
of development for the various logical connectives, and is thus of con- 
siderable Interest. An examination of trends in Table 2. reveals the sources 
of the interaction* Errors for the conjunctive connective start at a 
fairly high level in each task, but fall to near zero by grade 8 or high 
school, depending upon the task (encoding or combination) • Errors for the 
affirmation and negation connectives and for the exclusive interpretation of 
the disjxinctive connective start at very high levels, but fall to relatively 
low levels by college age. Errors on the conditional connectives (and es- 
peclally if-then ) and the biconditional connective start vfcry high and remain 
At relatively high levels. Thus, developmental processes proceed at very' 
different rates for the various connectives. The third significant interac- 

^0 
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tlon, for connective by session In the combination task, P(A,20) - 4. OA,. 
£ < ,05, derived from greater improvement In performance for easier than 
for Bore difficult' connectives. This result would suggest that i^pre of 
the errors on the ea^er connectives were task-specific, and were ^corrected 
after i>ne-sesslon of cxKerience with the task. Errors for the more difficult 
connectives were due to faulty comprehension of the connectives, -and were 
not alleviated by further task-specific eacperiences. 

Taken as a whole, the quantitative analyses of error rates present 
a coherent picture, showing that the connectives are differentially dlf'tlcult 
at the various ages Included in the study, and that understanding of th^ 
various connectives develops at differejtt rates. But although the'quanti- 
tative analyses show how many errors ire made at. each developmental level, 
they fail to Indicate the kinds of errors that are made.' These Indications 
are provided by the qualitative analyses described below. 
Qualitative Analyses of Response terns 

The second data analysis dealt with fit between response patterns and 
model patterns for each logical connective. In' this analysis, response 
patterns for each logical connective in each task were compared to the l6 
model patterns shown in Table 1. In order to permit a quantified comparison, 
responses of "true" were coded as 1, responses of "maybe" as 2, and responses 
of ••false" as 3.^ This quantification procedure permitted fit to be assessed . 
In terms of twti indices, the ropt-oean-square deviation (RMSD) and the squared 
correlation (r^) between a given response pattern and each possible model 
pattern. The first measure, RMSD, provides an index of badness-of-flt in 
terms of the original unit of measurement. Thus, an RMSD of 0 would indicate 
perfect fit between a response pattern and a particular model pattern; an 
RMSD of 2 (the difference between I, for a "true" response.- and 3, for a "false 
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response) vould xi^^dlcate the poorest possible fit between a response pattern 

and a particular model pattern. The second measure, r ^ provides an Index' 

of goodness of fit between a .given response pattern and each possible nod^l 

pattern In :lnvariant; units (-1 to 1) that standardize the variances of the 

patterns being correlated. The^tvo meaisufes provide complementary information 

2 

in assessing model fits, since both absolute fit (RMSD) and relative fit (r ) 



are of Interest in determining whether a given model adequately describes 
a set of data. 



( 



In order for the qualitative analysis to be informative, it (is necessary 
>that the data be internally consistent across subjiects. Otherwise, one runs 
the risk of discovering group patterns that do not represent the majority of ^ 
individual response patterns, or even any individual response patterns, but 
rather some artifact of averaging across subjects. With all of tlie logical 
connectives considered together, alpha (internal-consistency) reliabilities 
across subjects in the encoding task were .92, .96, .98, .99, .99, and .99 
for grade 2, grade 4, grade 6, grade 8, high school, and college students 
respectively; reliabilities in the combination task were .95, .98, •^^ t 

.99, and .99 for the respective grade levels. Reliabilities were also computed 
for logical connectives individually: In the encoding task, all reliabilities 
were .90 or above except for negation at the grade 2 level (.60); In the 
combination task, all reliabilities for grade 4 and above were ^er .90_._ . The _ 
large majority of reliabilities for the individual connifect Ives were in the high 
.90*s. These data, suggest that the data were all highly reliable except for 
combination at the grade 2 level and encoding of negations at the grade 2 level. 
Because of its unreliability, the combination task at the grade 2 level was 
not further analyzed. 

Table 3 shows fits at each grade level between response patterns and 

ERiC - . 22 
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•elected teodel patterns for each ofothe logical connective^. Th'e selected 
node! patterns are the logically correct model pattern, and the model pat- 
terns with the lowest (first-ranked)^ second-lowest (second-ranked) , and , 
thlrd-lbwest (third-ranked) group RMSD^s. The RMSD's are dlsplayeS in the 
table, as are the proportions of Individual subjects whose response patterns 
were best fit by each of the three top-ranked models (Ignoring the others). 
Generally, one can expect the group data to represent the Individual data 
accurately. This Is not always the case^ however., especially when «bne of 
the models fit the group data particularly well. These data make"" It possi- 

^iJi^. ■ . ^ ■ • . , , 

ble to determine (a) how^ell £i|e model pattern for the logically correct in- 
terpretation of each connective; ^:^t the group data, (b) whether the flrst- 

' ■ . ■ ■. ■ ■ ■ ■ ' ■ ' 

ranked model pattern was the saae^ as the logically correct model pattern 
for the group data (and if not, what the firs t-rankfed model pattern was), 

(c) how well the f Ir^at^i^rranked mtySel pattern fit the group response pattern^ 

(d) how well the first-ranked model pattenv fit the group response pattern 
coT^pated to the two strongest competitor model patterns, and (e) how well 
the group data corresponded to the Individual ^data. 

\ ..^ ^: — 

Insert Table 3 about here 

Conjunction . The results In the encoding task for the conjunctive con- 
nectlve, and , were simple and straightforward: The conjunctive interpretation 
of and provided the best fit to the data at each grade level. In the combina- 
tion task, response patterns for the conjunctive and biconditional Interpre- 
tat Ions were Indistinguishable because., as mentioned earlier, certain (con- 
tradlctory) conclusions were omitted in this task. These conclusions would 
have been needed, however, and were available for other tasks. In order 
to provide unique model patterns for each possible -interpretation of^ the 
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logical connectives. In view of the encoding results, however, It sewns' 
reaaonable 'to conclude that the conjunctive Interpretation Jks In fact the 
one subjects used* The absolute levels of fit for the conjunctive -Interprer 
tatlon were extremely good at all except the second-grade level, %?here about 

30Z of the subjects In the encoding task appear to have used aii Inclusive . 

■ ■ • • ^ ■ ■ \ ■■■■■ . . 2 • ■ ■ 

disjunctive interpretation. All v^ues of r between «odel and group response 
patterns for the cbnjunct-lve interpretation were ^.99+, whereas competitor 
models did much worse. ^ . 
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Disjunction . Disjunction, it will be recalled, was scored in two wiys-^r «^ 
Jfor- the inclusive Interpretation and for the exclusive Interpretjation — and ^hfere- 
fore two correct patterns are shown in Table 3. The.dataishow an interesting''-^'-'' 
Interaction bfetween age and interpretation of or. In the-encodij^g task, chil- 
dren at the lowest grade level (2) use the Inclusive Interpretal^ion of or 
In preference to the exclusive intel^pretatlon. This pattern continues in 
diluted form at the grade-four level, where Individual differences in inter- 
pretations become more pronounced. At the higher grade levels, children 
show a strong tendency to use the exclusive interpretation in preference to 
the Inclusive interpretation. The combination task shows a similar although 
somewhat less clearcut pattern, with the Transition apparently occurring 
slightly later,, perhaps because the combination task is so difficult that 
even sixth graders are not yet ready to apply to It their newly developing 
meaning of the word or. The replacement of the Inclusive Interpretation of 
or by its exclusive interpretation appears to continue even through the college 
level: The discrepancy between model fits for the two interpretations continues 
to increase .even to college age. Correlational results show the same pattern 




as RMSD 
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the encoding task, for example, the highest r among the model 

.' , 2 ■ ' 

patterns is for the Inclusive interpretation of or (.72), whereas r for the, 
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ekdluslve interpret;^tlon is a^inere .01 at the aecond-grade level. At the 
adult level, however /r for the exclusive Interpretation is .99, whereas y 
r ;fot the: Inclusive^ ^1^^ Is ji mere .44. > 

Condltionallty , The^ conditional was shown In the quantitative analy- 
ses to be among the most difficult of the relations^, An «iBunlnation crfV 
Table 3 shows the sources of erro ^^^|| |>nsl(^er first the connective, if- 
then.. At the second-grade level, jflwe of the model i^^tterns ^it the 
data^very well i with the plurality of subjects appearing to use a ,cdnju^c- 
tlve interpretation. In the encoding tasKi, the i>idofitfltidriS^^^^^^^ 
bieibnditlonaliy 1>y at least; plurality of isubjects at the next three grade 
levels, with strong competition from the correct condftloial interpretation 
first appearing at grade 8. Most subjects at the high school and college 
levels use the conditional Interpretation, although the bicondit j.onal pro- ; > 
vides strong competition as latq as high school. In > the combination task, 
if-then is interpreted as a reverse conditional or a biconditional by sub- 
stantial numbers of fourth graders. At the sixth and eighth grade levels, 
the biconditional Interpretation clearly pj^edorainates.' At the high school 
level, the conditional Interpretation coraes close to taking over, and by the 
college level, it has indeed taken over. Again, performance on the combination 
task seems to lag one level behind- performance on the encoding task, perhaps 
because of the combination task's greater difficulty (but possibly becaiise 

■| # ■ ,' , ' 

■ ■ . ^ , ,.• 

of differences In the subject samples). The high school level appears to 
be transitional in both tasks, with substantial numbera of suWects using 
both the biconditional and the developing conditional interpretation. Only 
at the college level does the conditional InterjiretAtic^n enjoy a clear ad- 
vantage ovet the biconditional one. It is noteworthy that even at this 
levels KMSD is relatively higher than it was for the two connectives con- 
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jildered previously, presumabXy. because of the presence of ^gr^eiitdr Individual 
• • • .. * . V. . . • ■ * ; - . .■ 
^ differences in interpretation^ ^ -fl^ .19 in the encoding ta^k cor- 
responds to an r/ .86 at "Ihe college, level ,^ and th^ RMSD of .3A in the 
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C9mblnatiw^t$^k eorresi^bnds 'irfT ari r of .77. 

o^^y if cQni»ctrl^ shoved relatively, faster development ^t^an the 
if-then connective. It, too, was inte'rpreted variably by the youngest 
subjects, then biconditionally , and then conditionally . But the transition -> 
to the c ond it ional^iaterp re tat ion occurred at_grade 8 in botK_ tasks\ earli er 
than for t)ie if-then connective. Wherever the conditional interpretation 
is .the first-ranked model, the biconditional is the second-ranked model, , 
and the discrepancy between the performance of the two models Increases with' 
Increasi^ age, as more subjects adopt the conditional meaning. ' Good dis- 
tinguisnability between tfce two model patterns as applied to the group data 
is not achieved until high school (as contrasted with college for the if- 
then connective). 

Biconditionality . The biconditional relation'was also among the most 

<■ . * 

difficult for subjects. The data in Table 3 suggest substantial individual 
differences in the interpretation of the biconditional. From grade 4 on, 



V substantial numbers of subjects divide between the condltlbnal and bicondl- 
\ tional Interpretations. If anything, there is a tendency for the (Ihcorfect) 

conditional Interpretation to become more predominant with increasing age> 

Affirmation . . Af f irmation ^was tested only In the encoding task, since ' 
it does not Involve combination of Information. The error rate for simple 
affirmation appeared rather higher in Table 2 than one might have expected, 
and the jpattern of results in Table 2 shows why. The difficulty of simple 
affirmation for some subjects appears to have derived largely from the binary 
nature of the task. At the second-grade level, being told that an object, 
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say, the circle, was In the box, was Interpreted by some (although not a 
aajorlty) of aubjects as tantamount to being told that either the circle 
vas ^liK^the box or the square was in the boxi and indeed, it was possible 
tKat the square was in th^ box. Some fourth graders went to the opposite 
extreme, interpreting the statement that the circle was in the box as im- 
plying that the other object, the square, was not in the box. Although 
it was emphasized to subjects in the initial instructions that a statement 
about one object supplied information only about that object, some second- 
and fourth-graders incorrectly Inferred a connection between the object about 
which a statement was made and the object about which r\o statement was made4 
It should be noted, however, that substantial numbers of subjects interpreted 
affirmation correttly at both grade levels. By grade 6, the correct meaning 
of affirmation clearly predominated, and by grade 8, it was firmlyyentrenched.^^ 

Negation * Second-graders appear not to have interpreted not ; in its 
logical sense; but at each of the other levels, the first-ranked model pattern 
was that of the logical interpretation of not, and the performance of^this 
model was far superior to thfe performance of alternative models. 

Discussion 

Smmnary of results . Children as young as second grade encode logical , 

coniiectlves In consistent ways, although it was not until. the fourth grades^ 

that children showed evidence of consistent combination of logical connectives. 

The failure of second^graders to combine in a consistent fashion may, of 

.. . ■ r ^ \ : . 

course, have been due to their failure to understand the directions for this 

particular tasl^ as presented in this particular experiment. Moreover, the 

8econd*^graders* nonstandard interpretations of even the simplest connectives 

(such as not ) necessitates interpreting all results for these children with. 

caution.' . \ r: • 
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There are large differences in the difficulties , of the vt^rious logical 
coimc^ctlve9» vlth conjunction clearly the easiest, exclusive disjunction, 
(and In the encoding task, af f intatlon and negation) of intermediate dif f 1- 
/culty, and conditionality aiid biconc^itionallty the aost difficult. As 
would be expected y children Improve in periformance with increasing age> 
except for the biconditional/ where there is some tendency to turn successively 
more toward the conditional ihteifpretatlon with increasing age. Comprehension 
of the^ various connectives changes at different rates: Comprehension of con- 
Juhctions starts relatively high and stays high; coitDprehension of conditionals 
and bicondltionals starts low and never bepomes very high; comprehension of 
af flnnation, negation, and disJ\mction shows substantial Improvement with 
age. It Is more difficult to combine the connectives than to. encode them, 

as would be expected, sincf combination requires encoding as a prerequisite. 

. ' . -- , . ' , ■ ' ' . ' 

Effects of "content were trivial in this experiment, perhaps because the dif- 
f^erence between the jmore abstract contenjt (shapes) and the more concrete con* 
tent (fruits) was not large enough to result in differential strategy. The 
data' suggest that subjects encoded and combined the logical connectives without 

regard to the content -vehicle through which they were presented. Effects of 

■ ■ - ■ ■ ' ^. . . ■ ■ • ■ . ■ ■ , 

practice with the connectives in the experimental situation were significant 
in the encoding task, suggesting that single-trial experiments may fail to 
give a full picture of subjects' capabilities in comprehending the logical ' 
connectives. Improvement was greater for easier than for harder connectives, * 
Implying that cr.rors on these connectives in the early trials w.ere more likely 
'to be task-speClfic. ' , 

The connective, and, was interpreted conjunctively by .the majority of 
children at all ages tepresented In the experiment. Or was Interpreted 
first l^cluaively and then exclusively • If-then and only if seem to have 
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been interpreted as Inclusive disjunctions or as conjlunctlons by many 
children at the second-grade level; they acquired their potentially causal 
meanings only at the fourth-grade level and above. Hie biconditional meaning 
first dominated the conditional one, but was gra^ualjlfy replaced by the 
conditional meaning ^at the higher grade levels. Development of only If 
proceeded at a morfe rapid rate than development of If^hen . If and only If 
was Interpreted either conditionally or blcondltlonally by children as young 
as grade 4 and as old as college age. The proportion of subjects, using the 
logically Incorrect co;idltlonal lnterprfitatlon actually increased with age. 
Simple affirmation presented difficulty for some young children in a binary 
situation, because of Incorrectly Ihferred constraints upon the object not ^ 
mentioned. Nevertheless, many children Interpreted affirmation co^frectly 
even at the second-grade level. Negation was understood in its logical sense 
by all but the second-graders. ' . 

i Correspondence between the preatent results and previous ones . Where 
the present data overlap In scope with previous data, they show good agree- 
ment"\rlth those previous data. The present results* for the conjunctive cpn- 
nectlve" replicated Paris 's (1973) finding of nearly perfect performance at 
all age levels, and his finding that the conjunctive connective was the 
easieat of all; Suppes and Feldman (1971), too, found conjunction to be the 
easiest of the logical relationships they studlec^ The present, study also 
replicated Nelmark's (1970) flTidlng that development in comprehension of the 
connective, or, proceeds throughout high school (and even into college). As 
was the case in, the experiments of Pjarls and of Suppes and Feldman, disjunc- 
tion was more difficult than conjunction.. And it was found, as in the studies 
of Paris and of Peel (1967), that :diB junction is generally Interpreted in its 
. exclusive sense by oWer sublects. The present study also replicated Taplln 
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et al.'s (1971) finding that, the conditional tends, to be interpreted con- 
junctively or biconditional ly by very young children^ that the conjunctive 
neaning disappears with Increasing age, and that the true conditional meaning 
eventually replaces the ^biconditional one. The biconditional meaning vas 
predominant in approximately the same age range as. in Peel's (19B7) experi- 
ment. And as was the case in the^Taplin et al.^» Roberge and Paulus (ISTT), 
and Kodroff and Roberg;e (l-9T§T"cxperiments, performance on the conditional 
improved with age. 

An apparent difference between the presents results and some previou3 
ones disappears when the data are examined carefully. Paris (1973) found 
the biconditional to be considerably* easier than it was found to be in the 
present experiment. The difference in difficulty appears to result from* 
the difference in scoring methods between experiments, not from differences 
in subjectsT performance. Paris scored his data by individual item rather 
than by response pattern. When the present data were scored in this way, 
the biconditional appeared to be quite a bit easier. The problem with this 
scoring method, however, is that' iaubjects may respond to individual items 
correctly for ' the wrong reasons, simply because response patterns make 

pverlapping predictions. Thus, a subject using a model pattern other than ^ 

■ *• • -• • . ■ , ■ , ■ ' ' 

that of the biconditional will receive credit for some correct answers solely 

s ...... 

. *■ ■ 

because the model pattern he or she is using overlaps in some of its responses 
with the biconditional model pattern. 

Findings regarding content have been mixed, and apparently the specifi^^/ 
contents used in an expierlment make a considerable difference in whether con- 
tent will yield nontrivlal effects. Robcirge and Paulus (1971), for example, 
used suggestive content that was deliberately misleading, they found that, 
iubjects performed relatively poorly on this content type. The present experi 
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's (1974) experiments In using contents that were 
Intended to be quite different, but not misleading. ; Neither Osher son's data 
nor the present data shoved any content effects. 

Conclusions » The present experiment was Intended to go beyond previous- 
experiments in Its (a) simultaneous Investigation oi encoding and comblnatioh, 

rather than just the conditional, In the combl- 
' nation task, (c) study of pjractlce effects, and (d) methodological' refinements 
al|lowing'>the' experimenter to Infer both Individual and group Interpretations 
of the logical connectlvesjj In Its juxtaposition of a task (combination) 
and subtask (encoding) required for performance of the full task, and in Its 
techniques of mathematical modeling for eliciting cognitive contents, the experi 
ment may be viewed as follc^f^lng a modified form of componential analysis 
(Sternberg, 1977, 1978; Sternberg &. Rlfkin, in press). The methodology seemed ^ 
to be reasonably successful in shedding light upon developmental patterns in 
the encoding and combination of logical connectives, and might be suitable for 
studying the development of other types of comprehension as well. If the 
study has shown anything, it is the richness of the cognitive contents of 
children as ypiing^s grade 2 and as old as college age. 

I - , ." . . . . ■ ^ ' ■ 

. Appendix 

The table presented here shows mean response patterns associated with 

each logical connective. These group data formed the basis for the group 

analyses performed in the section of the article on qualitative analyses 

of response patterns. 
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variable of potential interest would be subjects' sex. Howver, 
previous research investigating sex differences has failed to find any 
(for example, Jlelmark, 1970; O'Brien & Shapiro, 1968; Roberge & Paulus, 
1971; Suppes & Feldman, 1971 ; Hill, Note 1). / - 

^The college students unfortunately do not come from the same school 
population as the elementary and secondary students. This is a comBion and 
probably insoluble problem in much developmental research, however, caused 
by the failut-e of community school populations to remain intact after high school. 

^Strictly speaking, is and is not are not logical connectives.- They 
were included in the study, however, because of thilr obvious importance in 
understanding communications (including the ones in this experiment) in which 
the conventional logical connectives are used. 

*Sex was originally used as an additional independent ^ariable, but be- 
cause of the absence of either maln^^ffects or interactions with this variable. 
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and beeause bf the variable's Inslgillflcance In past experiments. It was 
dropped In order to Increase residual degrees of freedom. 

For the conjunctive connective, certain minor premises resulted In 
contradictions when paired with certain najor premises. For example. If a 
major premise stated that there Is a circle and a square In the box,^^a minor 
premise stating that th^^ ts not a circle In the box would be contradictory. 
No contradictory Items were presented to subjects. 

This criterion for correctness Is obviously a strict one, and to the 
extent that nonsystematlc factors result in responses straying from the model 
pattern, the criterion results in an inflation of the error rate. An alterna- 
tive scoring procedure is simply to score InAvldual responses, rather than 
whole response patterns, as the unit of analysis, there is reason to believe 
that this procedure (which has been used in the past) results 4^ serious 
distortion of the data, however, for reasons presented in the Discussion section 

^Analyses were done separately using both the original and replication 
groups of adults. The replication group was added to the experiment because 
all of the original groups were tested by a single experimenter, and it seemed 
wise to get at least some idea of the effect upon results of using a d^fferen^ 
experimenter (who tested the replication group only) . Since correlations be- 
tween adult data in the original and replication groups were all over .98, and 
-since the same patterns of results were obtained for l^h groups, analyses 
for the replication group are not presented here. 

This quantification procedure assumes that the three responses are 
aquidistant on a continuous interval sicale. Although this strong assupptlon 
^^^^^^^^^J^SN^robably not wholly justified, it seems to work well in practice: First, 
the results of the qualitative analyses to be described are'ddasistent .with 
and amplify upon the results of the quantitative analyses, >fhere this assump- 
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tlon vas not made. Contradictions » which were not found, would have provided 
evidence for failure of the data to conform to the assumption. Second, where 
overlap exists between the present qualitative results and those from prevl- 
Otis research where the assumption was not made, there is good agreement be- 
tween vesults, suggesting that tKe assumption did not alter the pattern of 
results. Third, the data upon which operations were performed requiring 
the assumption of an Interval scale (such as averaging) were highly reliable 
across subjects (with one exception to be noted later), according to several 
Indices of fnterrial-consistency reliability. Thus, there is no reason to be- 
lieve that the operations (such as averaging) would result in group patterns 
unrepresentative of individual data. Fourth, the subassumptlon of equal 
intervals between responses is not critical, since it is well-known that 
the correlation coefficient Is remarkably stable under monotone transformations 
of a set of data. 

The comprehension of and according to it? logical meaning at all grade 
levels was fortunate, since the conclusions about which the subjects had to 
make judgments required understanding of the logical meaning of and.. 

It should be noted that slmpl^e affirmation as a premise was not the , 
same as affirmative statements in the conclusions* In the concluslohsi jLs 
was qualified by only , so that it wa:s clear that the concluslonvref erred only 
to a single object being in the box. In the simple affirmative premises, is 
was unqualified and thus open to multiple interpretations, as the data show. 
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, t»ble 2 

Proportions of Response Patterns not Conformln^^^t^ 
Correct Model Pattern for Each Logical Connective 
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Table 3 

Fit betveen Reaponae Patterns and Selected Model Patterns 
*V. for Each Logical Connective 
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1 Correct 


Flrst-Itanked 


S econd-Ranked 


Third-Hanked 




j Pattern 


Pattern 


Pattern 


Pattern 



Blconditionallty : IF ANT) ONLY IF 



Encoding Task 



2 


p ♦ Q 
.58 


u ■ 

.42 .32 

" ~' — 


.43 .25 


P -»• Q 
.45 .'32 




p ♦ Q 
.38 


P Q 
.36 .20 


P ♦ Q 
.38 .5A 


.A6 .25 


6 


P ♦ Q 
.38 


P ♦ Q 
.38" .43 


P Q 
.46 .27 


P A Q 
.54 .30 


8 


■ P ♦ Q 
.31* ' 


P 

.29 .A4 


P ^ Q 
.31 .52 


U 

.53 .OA 


blgh School 


P ♦ Q 
.A7 


P ^ Q / 
.33 .6A 


P ♦ Q 

.47 .36 


U 

.59 .00 


College 


- P ♦ Q 
.39 


f Q 
.15 .75 


p ♦ Q 
.39 .25 


U 

.52 .00 



Combination Task 





P ♦ Q 
.55 


P Q 
.46 .36 


P ♦ Q 

.'55 -li 


.56 .25 




P ♦ Q 
.46 


P ♦ Q 
.37 .39 


P ♦ Q . 
.46 .SQ 


.64 .11 




P ♦ Q 

.38 


P ■». Q 
.37 .36 


p*Q 

.38 .60 


U 

' ■ * 

.72 .05 


High tcbool 


p r Q . 

.39 


P Q 
.36 .48 


P ♦ Q 
.39 .52 


• ■ U . 

.74 . .00 




P ♦■Q 

■■ ^39 ■■■■.„■ ' 


P -»• Q 
.32 »^ 


P ♦ Q 
.^9 .59 


• ; ■ u 

♦74 .00 



Table 3 Continued 



Logical Connectives 

M 



* Grade Level 1 


• . Correct 


Flrat^Ranked 


Second-Ranked 


Third-Ranked 




Pattern 


Pattern 


Pattern 


Pattern 



Affirmation: IS 



Encoding Task 



2 * 


p 

.46 


.37 .22 


U 

.39 .33 


P ■■ ■ ' ' 

.46 ,45 




P 

.45 


P A . 
.34 


■.P 

, ■ " .45 .34 


Q 

.'55. .16 




P 

.33 


P 

.33 .44 


P A Q 
.42 .41 


Q -*■ P 
.53 .15 


8 • ; ■ . 


P 

.07 ' 


P 

.07 .89 


Q P 
.44 .11 


.51 .00 


High School 


' .08 


P 

.08 .;85 


Q P 
.45^ -JLl 


.45^ .02 


College 


■ P ^ 
.06 


.06 .86 


Q P 
.46 .08 


.48 .06 



Negation: IS NOT 



Encoding Task 




High School 



CblltS* 



ERIC 



p 


U 








P -^ Q 




.56 


.28 


.43 


.35 


.25 


.41 


•IL 


P 

.29 


■ ■■■■ 

.29 


.61 


.42 


.22 


p •^<i 

.47 


.11 


P 


P 




P -f Q 


A. 


Py^^Q 




.22 


.22 


.66 




.21 




.11 




P 




P*Q 






• 




.14 


.83 


.44 


.10 


.47 • 


.07 


' 'P ■ 
.15 - 


P 

.15 


.2i 


P*Q 
.40 


•li 


.47 


.07 


P 


P 




P ♦Q 








.06 

■ 


.♦6 

47 


.89 




.06 


.48^ 


. '9k 



Logical Connectives 

j" ;l^able 3 Continued 

Note: Pit in this table Is aeasured by root--mean-8quare deviation (RMSb)« 
The nimeral in the center of each cell Is the overall KHSD (badness of fit) 
for a given interpretation of the logical connective at a particular grade 
level. This measure is computed by taking the mean of the squares of the 
differences between predicted and observed values for the group data, and 
finding the square root of this mean. In the present application, a value 
of 0 would indicate perfect fit of a response pattern to an. observed pat- 
tern, whereas a value of 2 would indicate maximally discrepant fltv The italicized 
numeral at the right of each cell is the proportlpn of individual subjects 
for whom a given Interpretation of the logical connective at a particular . 
grade level was best of the top three models. For example, in the encoding 
task, the data of .51 of the second-graders were best fit by the conjunctive 
interpretation of and ; the data of .19 were best fit by an affirmation (Q); 
and the data of .30 were best fit by the inclusive disjunction. In this 
table, logical symbols are the same as in Table 1. The letter Jt is used as 
a sb'uscript to denote a tied lOGD between two entries iti a single row. In* 
such cases, the order of entries is arbitrary. All fits were also assessed 
by squared correlations between predicted (model) and observed (response) 
patterns, wLth similar results. • 

*Sirice oombinatlon data for the seqdnd graders were unreliable, they 
are not presented in the table. Note that in the combination talak If or and, 
the conjunctive and biconditional Interpretations of and were completely cpn- 
founded (see text). Proportions were therefore not split between entriea, 
and instead the full proportion of subjects for whom the relevant model pat- 
tern provided the best fit is, shown. ^ ^ • 



Table A 



Mean Response Patterns Associated with Each Logical Connective 



2 4 



6 e 



flS COL , 



4 6 8 HS COl 



Encoding Task 



AND 



Conclusion 



■•V 



49 



ERIC 



PQ 
PQ 
PQ 



PQ 
PQ 
PQ 

PQ 
PQ 

PQ 



PQ 

PQ 



1.24 1.16 1.03 1.00 l;03 1.06 

2.53 (2.84 2.95 2.97 3.00 3.00 

2.38 2.84 3.|)0 2.97 3.00 3.00 

2.65 12.76 2.?D 2.95 3.00 2.97 



tP-THEN 

1.29| 1.47 .1.34 1.58 1.36 1.69 

i44|, 2.68 2.79 2.87 2.94 2.89 

2.32' 2.76 2.71 2.58 2.^9 il7 

2.53 2.18 2.13 2.03 1.89 1.92 

I 

. IP AND ONLY IP 

1.53 1.58 1.37 1.74 .1.42 1.83 

2.44 2.66 2.82 '2.90 2.97 3.00' 

2.24 2.47 2.63 2.50 2.28 2.25 

2.47 2.08 2.08 2.08 1.89 1.94 



2.15 2.53 2.32 1.95 2.00 2.00 

1.59 1.34 1.45 ,1.98 1,94 1.92 

2.35 2,82 2.97 3,00 2.89 2.94 

2.53 2.71 2.84 2.90 2.89 2.92 



1.68 
2.15 
2.06 
2.62 



OR 

2.40 2.74 2.6B 2,69 1^.83 

|. 90 1.87 1.92 i;89 1.92 

2.03 1.82 1.95 ' 1.92 1.9? 

2.53 2.74 2.92 ^^2:86 2.97 



ONLY IP 

1.29 1.55 1.40 1.74 ■h47 1.75 

2,35 2.55 2.87 2.95 3vOO .3.00 

2.29 2.66 2.55 2.40 ,2.11 2,03 

2.53 2.29 2.08 1.87 1.86 2.00 



2.21 
2.32 
1.91 ■ 
2.41 



OQ 
0 
H 

^ 0 

0 

n 

0 

ft 

< 

u 



IS NOT 

2.7f) 2.79 2.87 2.78 2.94 ^ 

2.68 2.79 "2.92 2.89 .2'.94 • ^ 

.1.61 1.68 1.82 1.8^ m 

2.2f 1.90 2.00 2,03 1.94 v 



Table A Continued 







2 


4 


6 


8 


HS 


-— — 1 

COL' 




4 


6 ' 


8 


HS 


COL 


















Combination Task 






















AND 






















Mhav 

nmor 


Conclusion 
















• , 


1 1 




■ 












■ ■ 






( 
















■ ■ 


:.Q 


U8 


1 1A 

1.10 




1 IT 

it iX 


1 on 


1 AA 

1.00 




2.29 


2.29 


2.48 


2.75 


2.92 


• 




Q 


\2.12 


2.79 


2.74 


2. 83 


2.95 


2.83 


. 1.79' 


1.60 


1.71 


1.40 


1.15 


1.06 




? 

r 


Q 


--^ 






m^mm 






1.59 


1,45 


1.47 ' 


1.14 


1.00 


1.03 




. r . 


Q 












-H 


2.29 


2.63 


2J4 


2.67 


2.82 


2.97 




Q 


P 


1.79 


1.42 


4.03 


1.12 


1.00 


1.00 


1,85 


2.37 


2.24 


2.64 


2.72 


2.81 




Q 




2.21 


'2.58 


2.9i 


2.93 


2.9) 


3.00 


2,09 


1.66 


1.76 


1.64 


1.30 


1.06 




Q 


■ ■\ ■ 




-— 










1.65 


1.32 


1.34 


1.17 


1.08 


1.08 




. Q ^ 


1 


• — 










— 


2v38. 


2.53 


2.37 


2,83 


2.85 


2,94 






/ 


S., 

i . 




IF-THEN 










ONLY IP 








n 

r 


k 


1.(5 




1.05 


1.02 


1.02 


I. .00 


1.5" 


1.40 


1.84 ^ 


1.00 


1.10 


1.03 




• 'p . . 


L 


2.26 


2.68 


2.82 


2.93 


3.00 


2.94 


1.97 


2.79 


2.76 


2.86 


2.80 


2.94 




P 

n 

F 


[ 

■ H 


1.71 
.1.97 




2.84 
1.40 


2.71 
1.31 


2 50 
1.52 


2.31 
1.72 


1.76 
2.03 


2.03 
2.03 


2.47 


2.19 
1.60 


2.20 
1.88 


2.08 
1.97 


e 

0 

HQ 
H- 
0 




p. 
p 


1.85 
1.94 


1.16 
2.71 


1.29 
2.47 


1.24 
2.50 


1.40 

2,55 


1.75 
2.36 


1.85 
1.88 


1.21 
2.74 


1*29 
,2.58 


1.29 
2.60 


1.52 
2.28 


1.89 
2.03 


, •(» 
H 

V 0 

% 




>■ 


1.85 


2.03 


2.'55 


2.48 


2.60 


2.47 


.1.85 


2.47 


2.90 


2.95 


3.00 


'3.00 


% 

0 


« ■ 


p 

* 


.1.88 


1.84 




1.52 


1,40 


i.53 


1.97 

1 


1.63 


1.37 . 


1.29 


1.00' 


1.08 


rt 
< 

0) 



1' 



Table A Continued 



I 4 6 '8 HS COL 



IF AND ONLY IP 



Cottduiion 



Prodlse 
















■ f ■■■ 


Q 


1,97 


1.34 


1.16 


1.05 


1.02,' 


1.00 


V P.,; ; 


Q 


2.21 


2.63 


2.82 


2.93 


2.88 


2.94 




' Q 


1.68 


2.18 


2.34 


2.33 


2.30 


2.42 


,rp '. 




2*15 


1.92 


1.79 


1.60 


1.55 


1.56 




P 


1.88 


J. 18 


1.29 


, 1.31 


1.28 


1.50 
















Q 


P 


2.06 


2.58 


2*45^ 


2.55 


2.42 


2.44 


Q 


P 

\ • 


1.56 


2.60 


2.71 


2.88 


2.92 


2.92 




• .v. p .. 


1.97 


1.50 


1.26 


.1.24 


I.IO 


1.08 



Hoter Humerlcal^trUs In table are neaw computed such that l-Beflnltely True; 2-liiybe True, Maybe False;, 
3-Deflnltely False. ■ 



5 



0 
D 

H 

^ 0 
^ 2 
§ 

0 

ft 

. ? 

A 
n 
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